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Introduction
RAN4 and RAN1 have been discussing the conditions under which phase continuity and power consistency can be maintained for joint channel estimation in the NR coverage enhancement work item. One of the most important cases is whether the UE can maintain continuity/consistency during downlink slots for TDD, and if so when. RAN4 asked in their latest LS [2] for clarification on the scenarios where there can be downlink symbols without actual DL transmission from the gNB to UE and the UE is not assumed to do DL monitoring. In this contribution, we consider potential scenarios for this case, and address whether they are suitable for the work on joint channel estimation.
Discussion
In RAN1#105e, RAN1 sent an LS to RAN4 [1] including the question below to clarify the requirement that there is DL reception when maintaining phase continuity and power consistency. 
Question 3: There are two different interpretation in RAN1 regarding the “downlink reception” in “No downlink reception in-between the PUSCH or PUCCH repetition in the same band for TDD case” (in R4-2103393)
1) “downlink reception” refers to downlink symbols with actual DL transmission from gNB to UE.
2) “downlink reception” refers to downlink symbols with actual DL transmission from gNB to UE and/or downlink symbols without actual DL transmission from gNB to UE and/or no DL monitoring occasions configured.
Can RAN4 please confirm which interpretation is correct?
RAN4 replied in [2] with the following answer. 
1) [bookmark: _Hlk72760953]The “downlink reception” means downlink symbols with actual DL transmission from gNB to UE and/or DL monitoring with the assumption that UE is receiving information.
2) Regarding whether “downlink reception” include downlink symbols without actual DL transmission from gNB to UE and without DL monitoring, it would be helpful if RAN1 could provide more information on the exact scenario.
3) Phase discontinuity tolerance LLS is ongoing in RAN4 study and conditions of whether the phase continuity can be maintained in TDD case that has downlink reception in-between the PUSCH or PUCCH repetition could be revisited in future meeting with consideration of phase discontinuity tolerance. RAN4 is also still checking whether there are any optional UE antenna configurations where a UE could overcome this problem and still gain from using the feature.
RAN 4 raised a further question as follows:
Regarding whether “downlink reception” include downlink symbols without actual DL transmission from gNB to UE and without DL monitoring, it would be helpful if RAN1 could provide more information on the exact scenario.
In our understanding, RAN4's original answer about DL reception says that when the UE has its receiver off, it is able to maintain continuity/consistency, and it is being further studied if it can maintain continuity/consistency when the receiver is on. If the receiver is off, the transmitter can be on without interfering with the receiver, allowing (or at least not precluding) its LO to run continuously and its PA to remain at the same operating point. However, if the receiver is on it is not clear if the same behavior is possible, and RAN4 is further studying this case. Therefore, there are no additional qualifications to DL reception: when the receiver is on, the reception includes every possible kind of UE DL reception in NR up to Rel-16 and DL reception means UE receives regardless of if there is actual DL transmission from gNB to the UE or not. DL reception may include receiving or monitoring any downlink transmission from the network, whether it is a physical channel or signal, shared or control channel, broadcast or unicast, configured or dynamic grant, measurements or data transmission, etc. This reception or monitoring may be done whether the downlink transmission is made or not, including e.g. where PDCCH is not transmitted. 
Regarding scenarios for DL reception in downlink symbols without actual DL transmission from gNB to UE and where UE is not assumed to do DL monitoring, one possibility is to introduce a new kind of DRX behavior. In NR Rel-15 and Rel-16, as illustrated in Figure 11-1 in 38.300 and as follows, a DRX cycle consists of an ‘on’ duration, when UE shall monitor PDCCH, and has the opportunity for DRX when UE sleeps, namely where UE switches off its reception path in order to save energy and is not assumed to do DL monitoring. The UE’s receive chain is not assumed to be turned on during DL symbols while in DRX. In an example TDD pattern ‘DDSUUDDSUU’, the UE may sleep during the pair of DL slots between two sets of consecutive UL slots. If, in order to keep phase continuity among UL slots with DL slots in between, a UE keeps its Tx path on during the DL symbols for DRX, this behavior is different from the legacy DRX behavior, where the UE is able to switch off both its reception path and transmission path. Moreover, DRX restricts downlink scheduling, limits downlink measurements for radio link monitoring and resource management, etc. As such, it or other power saving mechanisms should be carefully considered before using them as a basis for joint channel estimation performance enhancement.


Figure 11-1 : DRX Cycle in 38.300
In summary, the interpretation of “downlink reception” as being without actual DL transmission from gNB to UE or without DL monitoring shouldn’t be considered in the design of joint channel estimation. On the other hand, in our view, it is quite desirable for the UE to maintain continuity/consistency across downlink slots if this is feasible with reasonable complexity and without degrading performance of other features, since cases with few UL slots are those where UL coverage is generally the most limited. Therefore, mechanisms to facilitate joint channel estimation across downlink slots should continue to be studied in both RAN1 and RAN4.
Observations:
· The RAN4 ‘No DL reception’ requirement for phase continuity and power consistency considers only whether the receiver is on or off, and not if signals are transmitted.
· Power saving mechanisms such as DRX allow the receiver to be off, but do not require the transmitter to be on, and so do not facilitate continuity/consistency unless they are modified.
· Such mechanisms degrade downlink spectral efficiency and limit downlink measurements.
· TDD scenarios with few contiguous UL slots are important cases where coverage enhancement should be supported, and so mechanisms to facilitate joint channel estimation across downlink slots should continue to be studied in both RAN1 and RAN4.
Proposal:
Respond to RAN4 regarding R4-2107880 that RAN1
· is not considering new mechanisms for the purpose of joint channel estimation wherein UE is not expected to monitor or receive the downlink.
· recommends that RAN4 work on joint channel estimation assumes that the UE is able to monitor and/or receive the downlink in downlink slots.
Summary
In this contribution, we have considered potential scenarios to meet the ‘No DL reception’ requirement for phase continuity and power consistency in joint channel estimation. We made the following observations and proposal:
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· Power saving mechanisms such as DRX allow the receiver to be off, but do not require the transmitter to be on, and so do not facilitate continuity/consistency unless they are modified.
· Such mechanisms degrade downlink spectral efficiency and limit downlink measurements.
· TDD scenarios with few contiguous UL slots are important cases where coverage enhancement should be supported, and so mechanisms to facilitate joint channel estimation across downlink slots should continue to be studied in both RAN1 and RAN4.
Proposal:
Respond to RAN4 regarding R4-2107880 that RAN1
· is not considering new mechanisms for the purpose of joint channel estimation wherein UE is not expected to monitor or receive the downlink.
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